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(R AR Rz bl 22 B / A ARAS TR R BT T A 0003, Miat 210095)

W OE: AN EO IS TR UL T R S S R, YIRS AR AREET IR B . AL B
BIE 3 ANRE, AN 0, 30, 60, 90 kg/hm®; Bl 0. 24, 48, 72 kg/hm®; #1240, 36, 72, 108 kg/hm®; %M “3414” R, &
IF 14 AR, U AR FERARAEE FUIER R KR . IR . VIR AR R . ASREOR: AL B, FPIEATEARE
BEVCEVRE AR SR G . 250, e TE . ST E, HETE, Hf, NoPK B B #5008 60, 48,
36 kg/hm ) KA, 7F 45 diF, Hobkm . 22K, s FReEE , Z6EE . MR T E . 5T E. FTES BT 1.30
5. 1.09 %, 2.20f%. 1.90 15, 1.88 ffF. 1.87 4%, 1.47 %, 1.80 1% ; AFHaACAEIET + AL Bsgm 82, bttt 38 +
B pH, RICHRM TR S, TR sl G Eas Al . AR U E R SR B AR R B EAHEKER,
NoPoK A3 -3 9 U AR B A AR . B A R R IR 115 /5. 1.40 5. 1.06 f; &l 8. #ICAUE AR
WA R IR S i, FEARACHR HX DR AR MR R . 2 . SR BN, NoPK A ER KRS R . 2. &Ml 2513,
450, 55.54 glkg, SPALEXTIRAY 1.37 fF. 112 4%, 1.26 £, LG5 B AN B0 R UIIEAG B4 A K d8 AR, HERDITERE PR
MR EIIRYMEAE )7 2 A E(N) 60 kg/hm® . B (P,05) 48 kg/hm® . #1(K,0)36 kg/hm®,
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Effects of Soil Testing and Formula Fertilization on Growth, Soil Properties and Nutrient
Absorption of Chrysanthemum in Seedling Stage )

ZHOU Yang, FANG Xinyan, WANG Yan, GUAN Zhiyong, CHEN Sumei, FANG Weimin, CHEN Fadi, ZHAO Shuang

(College of Horticulture, Nanjing Agricultural University/Key Laboratory of Landscaping, Ministry of Agriculture and Rural
Affairs, Nanjing 210095, China)

Abstract: In this study, nutrient absorption and transportation of cut chrysanthemum ‘Nannong Huangfengwo’ in the seedling
stage were studied under the condition of soil testing and formula fertilization, and the optimized fertilization scheme was
concluded. There were 14 treatments in total according to the “3414” design, the designed N, P and K applied levels included: N,
0 (N, CK), 30 (N}), 60 (N,) and 90 (N3)kg/hm?; P, 0 (P,, CK), 24 (P)), 48 (P,) and 72 (P;)kg/hm?; K, 0 (K,, CK), 36 (K,), 72 (K,)
and108 (K3)kg/hm?”. The results indicated that the application of N, P and K fertilizers could significantly improve the agronomic
characters of cut chrysanthemum ‘Nannong Huangfengwo’. The results showed that, among all treatments, N,P,K, had the
highest growth benefit, offer 45 d of growth, the index of plant height, stem diameter, root fresh weight, stem and leaf fresh
weight, root dry weight, stem and leaf dry weight were 1.30, 1.09, 2.20, 1.90, 1.88, 1.87, 1.47 and 1.80 folds of the CK,
respectively. Different fertilizer treatments showed the significant effects on soil physiochemical properties, soil pH decreased
with the increased N, P and K fertilizers, and the contents of soil available N, P and K were positively correlated with the
increased amount of N, P and K fertilizers. In N,P,K, the contents of soil available N, P and K were 1.15, 1.40 and 1.06 folds of

the CK. Total nitrogen, phosphorus and potassium contents in cut chrysanthemum under N,P,K; treatment were 25.13, 4.50 and
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55.54 g/kg, respectively, which were 1.37, 1.12 and 1.26 folds of the CK. In conclusion, by comprehensively considering soil

condition and the growth of cut chrysanthemum at the seedling stage, the best and recommended fertilization scheme for cut

chrysanthemum ‘Nannong Huangfengwo’ is N 60 kg/hm?, P,Os 48 kg/hm” and K,0 36 kg/hm?.

Key words: Cut chrysanthemum; Soil testing and formula fertilization; N, P, K; Nutrient absorption; Soil properties
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R FE M EMAETE, HAEFHBREAFIER .
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T - Ty A2 — e DRt BT 2 R A A e
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0.95. 2.34 N EST . ZEFBEIE I iR AR
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1.1 R
RIET 2019 4 4 HAETTH0 8 B BT 90 2 sk
Mp R ZEACS ML T . HEA B R UIIE A ¢ B A i
w5 ¥, R A ) . 39 NHL-N 44.33
mg/kg . A0 36.31 mg/kg. HEBN 324.24 mg/kg .
pH 6.40. 5 FHIEIEBUR R (% N i 46%) . Wi
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Table 1 Designed treatments and fertilizer applied amounts

Qb N (kg/hm?)  P,Os (kg/hm?)  K,O (kg/hm?)
NoPoK, 0 0 0
NoP,K, 0 48 72
N,P.K, 30 48 72
N,PoK, 60 0 72
N,P K, 60 24 72
N,P,K, 60 48 72
N,P:K, 60 72 72
N,P.K, 60 48 0
N,P:K, 60 48 36
N,P,K; 60 48 108
N;sPK, 90 48 72
NP /K, 30 24 72
N,P.K, 30 48 36
N,P K, 60 24 36
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10 d #4171 YO AR Ak, 3t 4 9k
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Table 2  Effects of different fertilization treatments on growth of cut chrysanthemum ‘Nannong Huangfengwo’
AR A s 254 T 2l ifif H T T ETE M
IEl(d) (cm) (mm) (& (€] (@ (@ (@ (€]

15 NoPKo 855+0.73] 289+039f  0.79+031bc  0.70+022¢ 1.72+£039¢ 0.08 +0.03 be 0.12+0.03 f 0.19+0.03 f
NoPK, 994 +0.741 3.13+0.26def 0.70+0.23c 0.77+0.26 ¢ 1.89 +£0.38 de 0.08 +0.02 be 0.13 + 0.04 def 0.21 +0.06 ef
NP,K, 10.61+080hi  3.89+0.58ab  0.75+0.75bc  097+022cde 2.23 +0.57 cde 0.07+0.03 ¢ 0.15+0.04b cdef  0.23 £ 0.06 ef
NoPgK, 1070 094 ghi  3.66+028bc  0.89+022bc  0.96+021cde 224+0.60bcd 0.09+0.03abc  0.16 +0.02 abcde  0.25 +0.07 cde
NP K, 11.68 £0.90 cdef 4.15+0.72a 1.12£020a 1.20+033abcd 3.04 +0.62 ab 0.11+£0.03a 0.18 = 0.05 ab 0.32+0.07a
NoPoK, 11.34 + 146 efgh 3.51+0.27becd  095+0.18ab  1.10+036bcd  2.62 + 0.68 abc 0.08 £0.03 ¢ 0.14 +0.04 cdef  0.25 + 0.05 bede
NoP3K, 12.54+089bc 3.39+030cde  097+0.25ab  1.28+0.26abc  3.19+0.73 a 0.08 +0.03 be 0.18+0.03a 032+0.08a
NoPKy 11.00 £0.41fgh  3.02+038ef 0.79+022bc  1.00+0.18cde 2.50+0.49bcd  0.08 +0.02 be 0.15+0.02 bedef  0.24 + 0.04 def
NoPK; 11.91+041cde 3.60+045bc  0.88+0.17bc  127+020abc 297+0.52ab  0.08 +0.03 be 0.18 +0.02 ab 0.31 +0.04 ab
NPKs 1329+ 1.11b 293+046f  0.85+0.09bc  140+046ab  290+0.52ab  0.08 +0.02 be 0.18+0.04ab  0.29 +0.05 abed
N;PoK, 1428 +088a  296+0.53ef  0.83+0.20 be 1.50 £ 048 a 326+0.74a 0.08 £0.02 ¢ 0.17+0.04abc  0.30 +0.05 abc
NP\K; 1140 £0.67 efgh 2.89+043 f 094+0.27ab  093+0.15de 2.54+0.65bc  0.09 + 0.04 abc 0.13+0.0lef  0.25+0.05 bede
NiPK; 11.53 +0.84defg 3.69+051bc  0.74+0.12bc  1.10£0.29bed 2.39+0.58bed  0.07+0.02¢ 0.15+0.03 bedef  0.23 +0.04 ef
NoP K, 1226+048cd 3.64+032bc  0.85+020bc  133+037ab  3.17+0.79a 0.11+0.02ab  0.16+0.02abcd  0.31 +0.05 ab

30 NoPgK, 23.62+125g 354+03lcd 099+042cd 323+083de 7.80+1.81de  0.14+0.06ab 0.39+0.11 ef 0.59+0.12 de
NoPoK, 2554+ 1.41efg 359+021cd 1.17+025abc  324+046de  7.16+1.04 de 0.13+0.04 ab 041 +0.07 ef 0.64+0.17 cd
NPK, 2691+£276de  3.54+023cd 1.09+023abed 325+045de  7.07+0.55de 0.13+0.02 ab 0.41 +0.06 ef 0.58 +0.06 de
NoPoK, 24.51+0.77fg  336+020cd 1.11+0.18abc  2.94+0.69de 7.15+122de  0.13+0.03 ab 0.39 +0.04 ef 0.62+0.11cd
NPiK, 2790+1.81cd 3.70+0.19bcd 1.17+020abc  3.86+0.99cd 855+1.31cde  0.15+0.03 ab 048 +0.07de  0.72+0.08 bed
NoPK, 2733+ 1.14cde 3.83+042bc  1.22+030abc  3.90+0.88cd 8.97+1.72bcde  0.15+0.04 ab 049+0.06cde  0.69+0.11ab
N,PsK, 30.90+1.86ab 4.07+034ab  1.35+0.24ab 487+122b 10.84+2.52ab 0.18£0.06 a 0.60+0.15b 0.82+0.22 ab
NoPKy 29.02+1.55bc  3.85+0.34 be 1.40+0.50 a 459+130bc 1008+ 145abc  0.17+0.06a 0.59 +0.07 be 0.78 +0.10 abc
NoPK; 30.73+191ab  3.74+0.53bcd 1.06+0.23abcd 4.57+1.23bc  9.19+328bed  0.14+0.05ab 0.58+0.12becd  0.72 +0.10 bed
NPK; 3232+157a  431+050a 1.27+025abc  591+0.62a  11.86+226a 0.18£0.05a 0.70£0.10a 0.90+0.17a
N3PoK, 32.03+196a 3.79+040bcd 1.02+026bcd 4.41+0.62bc 891 +2.04bcde 0.13+0.03 ab 0.56+0.11bcd  0.68 +0.17 bed
NPK, 2423+085g 3.40+0.19cd 0.76 +0.20d 248+043¢ 5.14+040f 0.10+0.02b 034+0.05f 044 £0.05¢
NPK; 2626 +1.26def 3.66+0.24bcd 1.10+0.26abc  323+0.51de  6.85+0.54 ef 0.15+0.04a 034+0.05f 0.59 +0.06 de
NoP K, 27.76 +320cde 3.85+0.56bc  1.00+0.10bcd 3.83+032cd 8.62+1.10cde  0.14+0.01ab 048+0.07de  0.74+0.12 bed

45  NpPK, 43.50+1.70h 429+0.50bcd  0.83£0.09 494+029¢ 9.70+£0.78 g 0.15+£0.02 f 0.86+0.20 f 0.96+0.13d
NoPoK, 4753+1.10e 429+025bcd 1.32+0.35bcde 595+ 125cde 12.12+2.73 efg  0.24 +0.03 abed 1.14 £ 0.15 def 1.25+0.16 be
NP,K, 4549+1.03fg 4.06+027d 1.15+0.17def  55+0.71cde 11.89+121efg 0.18+0.01 def 0.92 +0.08 ef 1.11+0.12¢cd
NoPoK, 4520+0.85g 4.33+0.14abcd 1.63+041abc 6.86+0.56bcd 15.71 £0.97bed  0.26 +0.03 ab 1.22 +0.08 cde 1.57+0.14 cd
NoP K, 4555+0.78fg 4.11+020d 1.06+0.13def 5.94+0.68cde 13.10+2.03def 0.19 +0.03 def 1.06 +0.11def  1.20+0.13 cd
NoPK, 49.66+0.75¢cd  4.75+0.19ab  147+049abcd  881+090a 16.68+046abc  027+0.03a 147+£045abc  1.47+0.10ab
NoPsK, 5438+194b  423+038cd 1.33+029bcd  7.03+0.62bc  14.02+1.63cde 0.24 +0.03 abc 1.32+0.17 bed 1.47+0.23 ab
NoPoKg 5094 +1.08 ¢ 479+041a 1.70 + 0.45 ab 8.71+2.38a 19.56 £3.50 a 0.26 +0.07 ab 1.47 + 0.24 abc 1.70+0.30a
NoPK;  56.38+0.82a 4.69+039abc  1.83+023a 937+149a 1823+2.02ab  028+0.06a 1.68+021a 1.73+024a
NoPK; 47.64+092e 442+027abecd 1.15+0.36def 596+0.63cde 12.08+2.02efg  0.17 +0.02 ef 1.15+0.07def  1.12+021cd
N;PK, 5491+1.05ab 4.64+£039abc 126+0.14cdef 834+1.95b 1691 +423abc  0.19 0.2 def 1.59 +0.33 ab 1.57+034a
NPK, 4696+132ef 4.11+046d 088+0.16ef 5.00+0.52cde 1022+149efg 0.15+0.07 ef 1.00 +0.10 ef 1.03+0.14 cd
NP,K;, 472+1.55ef 439+0.17abed 1.24+044 cdef 566+ 123 cde 11.41+238efg 0.21 +0.07 bede 1.00 + 0.23 ef 1.11 £0.24 cd
NoP K, 48.69+179de 3.97+022d 0.87+0.10f 523+0.06cde 11.28+0.77efg  0.17+0.02 ef 0.96 +0.12 ef 1.08 +£0.12 cd

T RPEAR N 3 WEE R, FSVEEE /NG 7 BEAR [R5 ) — R AR (8] A ] b 31 E] 22 57 5k P<0.05 W35 /K-
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Fig. 1 Effects of different fertilization treatments on soil pH

222 A[EIFGALA N HIEREEE R K] 2A
BN, AbPHIE] 38 NH,-N 7822 57 835 (P<0.05), H
HORHEAE AL EE AT 4 A4~ NP R A AR RD NoPoK |
NoP2K, . NiPoKy . NoPoKo | N3PoK, 2hFH ) +3E NH,-N
FHN 38.12.39.62, 45,16, 41.53 , 48.83 mg/kg.
F 3 NH-N & 2RI R No<No<N <N, BR
N PK,. NoP,K, KbFiAR, NH;-N &5 ZUEE A
SRS R R X R B EUIE B A AT B
14 NH;-N & &

Ab B ] -3 WO B B 25 5 35 (P<0.05), Hirp
AEAEALFEFT 4 4~ P FAR E AR AYAL BRED NoPK,
N,oPoKs, . NoP Ky, NoPoKy . NoPyK, LB Y + 1A 45tk
SR 3161, 37.92, 43.88, 45.54, 50.82 mg/kg
( 2B). ARIEECHE LB, B i I it A £ A 348 o
I AEREE R RN Po<P<P,<P;, AI1S45IE:
Jiti AT IS AT 88 i 9 P A O

Ao ) - SR B 25 5 25 (P<0.05), Hirp
AHEAEALEEFT 4 4~ K SR Z AL AL BEED NoPoK, .
NoP>Ko . NoPoKy . NoPoKy . NoPoK A B () 4 3 a5
SN 306.65, 305.89, 325.97. 328.69. 381.68
mg/kg(/&l 2C). FEE P ALHEA RIS, 3
TR ERT S, RN K<K=K,<K;, T
PR B 5 A A B S B S IEAHOGOC &R, U £
PSSR P i B A R B A L TR
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Fig. 2 Effects of different fertilization treatments on soil available
nutrients
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Table 3  Effects of different fertilization treatments on contents of N,
P and K in cut chrysanthemum ‘Nannong Huangfengwo’

b LR GE R Kl

(g/kg) (g/kg) (g/kg)

NoPoK, 18.28d 4.03 b 4395 ¢
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